The supercentrifuge and the equipment mud can be an item of great ex. used for its operation are shown in Fig. I pense on the Gulf Coast. In order to understand Set in the laboratory. the nature of a drilling mud, it is desirable to
The mud suspension to be centrifuged, know the composition and size of the mineral particles that are present. The supercentrifuge has been adapted to the fractionation of mud, and this paper discusses the calibration and methods of operation and control. An alignment chart has been prepared, which was found useful in this work. Typical data are included, showing the comparative reliability of the method.
The application of the Sharples supercentrifuge to the determination of both particle size and the particle-size distribution in colloidal systems has been presented p r e~i o u s l y .~~6~~*~ While other methods such as elutriation, the Casagrande sedimentation method,' m i c r~s c o p y ,~ and the ultracentrifugeg are available for determination of the sizes of particles, the supercentrifuge has the advantages of large capacity, rapidity of determination, simplicity of operation, and low maintenance and operating costs.
The Sharples supercentrifuge consists essentially of a balanced cylinder suspended from a vertical drive shaft that is driven by either air, steam, or an electric motor.
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$ The University of Texas, Austin. Texas. 4 References are at the end of the paper. through the bowl, the solids, because of the high centrifugal force, are deposited on a thin, removable liner.
The total force exerted upon the particle to be separated is dependent upon the rate o f j m of the suspension through the centrifuge, the rate of rotation, and the radius of the centrifuge bowl. I t is possible to operate the supercentrifuge under such conditions as to separate, from a suspension, particles ranging in size from I micron diameter down to particles that approach the dimensions of the larger molecules. The kinetic energy of any suspended particle that retains its identity suspended in a liquid is the same as that of a m o l e c~l e ,~ consequently usual molecular considerations may be applied.
Methods for the calculation of the size of particles separated by the supercentrifuge have been presented by Hauser, Lynn, Reed and S c h a~h m a n .~~6 .~
The mathematical analysis is based upon two important assumptions; namely, (I) that the flow parallel to the axis of rotation is streamline or viscous, and (2) that Stokes' law holds only for dilute suspensions. The first assumption requires that the rate of feed of the suspension be so low that it will be small in comparison with the outward centrifugal force.
in which Q = rate of feed of suspension. 7 = the viscosity of the dispersion fluid. R1 = the distance of the overflow weir from the axis of rotation. Rz = inner radius of bowl less the thickness of the liner. D = equivalent sperical diameter of the solid particle. w = angular velocity of bowl in radians per second. Ap = density of dispersed phase minus density of dispersing phase a t test temperature.
X o = distance from the axis of rotation a t which the particle begins to settle. Y = vertical distance from the bottom of the centrifuge bowl. In = logarithm to the base e.
The the particle is subjected, and using Stokes' law as the expression for the velocity of the particle ~er~endicular ' 0 the axis of rotacontinued refractionation with the tention, the expression (for a monodispersed trifuge operating at constant conditions film) in Eqs. I By determination of the diameter of the smaller particles with the slit ultramicroscope, it was found that the variation in D between the top and bottom of the bowl was small. I t is reasonable to assume that the point a t which the particles began to settle, Xp, is much more i~p o r t a n t with respect to the point Y where the particle came to rest than is the value of D. Thus, Y is dependent only upon XO, or, from Eq. . The results of these calculations were plotted graphically as in Fig. 3 . This chart provides a rapid and convenient method for determining the diameter of the particles deposited a t a definite value of Y for definite values of Q and of w. Such a chart also can be conveniently used to determine the specific conditions a t which the supercentrifuge must be operated to ensure the separation of particles of a definite size.
T o further simplify the operation of the supercentrifuge, the air pressure required to maintain a definite rate of rotation of the centrifuge, and the liquid head resulting in definite rates of feed of suspension, were determined. Fig. 4 shows a plot of the rate of rotation of the centrifuge bowl versus the rate of feed of the suspension at various constant pressures on the air-driven turbine. Fig. 5 is a plot of the height of liquid level above the base of the centrifuge versus the air pressure on the turbine for constant rates of feed for each of three different feed nozzles. The air is supplied to the turbine through two needle valves and a pressure regulator in series. The two valves assure much finer control of pressure than can be obtained with only one valve. The suspension is fed into the bowl through one of the three nozzles. The nozzle can be interchanged with another while the machine is running. A constant rate of feed is maintained by keeping a definite hydrostatic head on the inlet to the bowl. An automatic overflow siphon, which is adjustable to give any desirable height of liquid level above ' or below the base of the centrifuge, assures a constant rate of feed. example is presented: Using Eq. 6 and Fig. 2 (the values of C a t I t is desired to obtain from a n aqueous various values of Y) the diameters of parti-suspension containing I per cent solids by cles were calculated for various rates of weight, particles between 125 and 80 4 CALIBRATION AND CONTROL OF THE SUPERCENTRIFUGE millimicrons (mp) in diameter. First, i t is ited a t 2oY (the top of the bowl). I t has now necessary to eliminate from the suspension been established that in order to obtain all the particles larger than 125 mp by particles from 125 to 80 mp in diameter sedimentation or by centrifuging. I t is from a suspension containing no particles
Use of Charts
assumed, for this example, that this has already been done.
Using Fig. 2 , from the intersection of the diagonal line corresponding to a particle diameter of 125 mp and the vertical line corresponding to 45,000 r.p.m., proceed horizontally to the left; intersect the diagonal line corresponding to I Y (I cm. above the bottom of the bowl) ; and read below on the abscissa 400 C.C. per min. as the rate of feed of the suspension required for the separation. In a like manner, it is seen that a particle of 80 diameter will be deposlarger than 125 mp the centrifuge is to be , operated a t 45,000 r.p.m., and the suspension must b e fed a t a rate of 400 C.C. per minute. From ., cised here in order to prevent the selection of a rate of rotation or a flow rate that exceeds the operating limits of the centrifuge. From Fig. 3 , this limit is seen to be S. C. OLIPHANT, C. R. HOUSSIERE, JR. AND GEORGE H. FANCHER 5 2 0 0 C.C. per min. a t 50,000 r.p.m. and obtain a separation of particles between 125 1000 C.C. per min. a t 35,000 r.p.m. How-and 80 mp, having previously removed ever, this limit may be altered for the air-particles larger than 125 mp, the inlet driven turbine, by adjusting the pressure pressure of the air that drives the centri- (132 kg. per sq. cm.) were applied when the The reliability of the method to deterbowl was empty. At the higher rates of feed mine the size of particles separated by the the formula proposed here for determina-Sharples supercentrifuge under controlled tion of particle size may not apply rigidly, conditions has been investigated indebecause of the possibility that turbulence pendently. Three fractions were examined may develop within the centrifuge bowl, with the slit ultramicroscope, the data for Fig. 4 shows that to attain a rate of feed which are available in Table I . The acof 400 C.C. per min. while using 43 lb. per curacy of these separations, of course, is no sq. in. (126 kg. per sq. cm.) it is necessary greater than the accuracy of the slitto use nozzle No. 3 and keep the liquid feed ultramicroscopic method by which the level a t 15 cm. below the base of the centri-, centrifuge wascalibrated. fuge, or to use nozzle No. 2 
RATE OF FEED OF

with the liquid
The slit-ultramicroscopic niethod o f level 77 cm. above the base of the centri-particlesize determination is subject to the fuge. Thus, for this example, in order to following sources of error: suspensions that must be used in microscopic examination.
3. Variation of particles from the spherical shape that is assumed in calculation.
Considering these facts, the data contained in Table I are in good'agreement. The size of particles separated by the calibrated Sharples supercentrifuge can be predicted with satisfactory accuracy calibrated. Furthermore, the charts should be remade for each machine if the muds contain a liquid phase greatly different from water, or if the solids have a density appreciably different from those usually found in natural drilling muds. The method has been found to be useful and a great timesaver in the routine fractionation of drilling muds. as a function of operating conditions by a aided g~eatly in preparing the chart shown relatively simple method involving the use in Fig. 2 , and also to the Stanolind Oil and of charts. The method is not unique for all Gas Co., for support of the fellowship a t the centrifuges and each machine must be University.
